Plant community structure and the creation of ecotones from the juxtaposition of distinct habitats influence gastropod distribution, abundance and species diversity. However, the influence of edge effects associated with ecotones may be influenced by scale and sampling issues. In Florida's Everglades, a common ecotone exists between dense sawgrass (Cladium jamaicense) and less-dense wet prairie habitats dominated by lower profile sedges and grasses. Previous studies indicate that Florida apple snails (Pomacea paludosa) concentrate their eggs along ecotones and that they appear to favour sawgrass for oviposition. However, snail densities along the ecotone have not been reported and total egg production at the landscape level has not been considered. Egg-cluster densities were greater along the sawgrass ecotone; however, total egg production in wet prairie (egg density multiplied by total area) was greater than in the sawgrass ecotone. Greater eggcluster density along the sawgrass ecotone may be a result of increased stem encounter rates by female snails. We found that snail densities were not significantly different between sawgrass ecotone and adjacent prairie habitats in the Everglades. The results of our study, combined with observations from previous reports, indicate that the importance of edge effects on apple snails depends on the spatial scale and the particular landscape being considered. Changes in plant community structure resulting from changes in hydrology caused by wetland restoration may impact recruitment of apple snails and, ultimately, those species that prey upon them.
INTRODUCTION
Ecotones are boundaries created between two adjacent and distinct habitats that influence the demography, distribution and abundance of a wide range of taxa (Holland, 1988; Risser, 1995; Strayer et al., 2003) . Several studies have identified the influence of ecotones on both terrestrial and aquatic gastropods (Hutchens & Walters, 2006; Chiba, 2007; Tuya et al., 2011) . Ecotones may increase snail diversity through habitat mixing (and therefore snail species mixing) or via unique landscape physiognomy created by juxtaposed habitats (Chiba, 2007; Covich, 2010; Tuya et al., 2011) . The densities of different snail species may decrease (Hutchens & Walters, 2006) or increase (Turner, 1996; Darby et al., 1999) along an ecotone and these effects may be related to particular stages of their life history (e.g. eggs or larvae).
The degree to which certain species respond to ecotones, i.e. edge effects, can be difficult to elucidate (Dangerfield et al., 2003; Kark & van Rensburg, 2006) . Interpretation of edge effects may be influenced by the spatial and temporal scale of a study, such that misleading results may emerge from observations at an inappropriate scale (Kolasa & Weber, 1995; Schiemer, Zalewski & Thorpe, 1995; Strayer et al., 2003) . For example, there may be a perception of a species concentrating on the ecotone (e.g. through larval settlement), but in reality the species frequently moves between adjacent habitats (Schiemer et al., 1995) . Here, we study ecotone influences on the relatively mobile, and wetlanddependent, Florida apple snail, Pomacea paludosa (Say, 1828), while considering aspects of scale when interpreting data from a field study. A primary interest in P. paludosa at the landscape scale stems from their role as the nearly exclusive food of endangered Florida snail kites (Rostrhamus sociabilis plumbeus) (Sykes, 1979) ; Pomacea snails in general are ecologically important as prey for many avian and nonavian predators (e.g. crayfish, turtles and fish) (Hayes et al., 2015) .
In wetland systems, studies on the influence of ecotones have emphasized the upland-wetland boundary and the vegetatedopen water boundary (Holland, Whigham & Gopal, 1990; Hutchens & Walters, 2006) . However, within wetlands there can be ecotones created between adjacent distinct emergent plant communities (Kolasa & Weber, 1995; McVoy et al., 2011) . Apple snails deposit calcified egg clusters above the water line on emergent vegetation (Turner, 1996) . In the Everglades and similar Florida wetlands, apple snail egg clusters appear concentrated along sawgrass (Cladium jamaicense) ecotones where dense sawgrass patches meet more sparsely vegetated wet prairie or slough (Turner, 1996; Darby et al., 1999) . Although several studies involving apple snail egg-cluster counts have targeted sawgrass and other types of ecotones (see Darby, Bennetts & Percival, 2008) , potential edge effects on snail densities have not been reported (see .
Since apple snail egg clusters are concentrated along sawgrass ecotones, it may be that snails are also concentrated along this ecotone. However, snails can move through different habitat patches frequently (Valentine-Darby, Darby & Percival, 2011) . Therefore, the concentration of their highly visible eggs may not reflect the distribution of the snails themselves. The relative importance of the ecotone created by sawgrass adjacent to other habitats on apple snail abundance and distribution remains unknown. Furthermore, total egg production in different habitat types at the scale of a local apple snail population has not been quantified. In this study, we examined adult and juvenile-sized snail density and egg production in sawgrass ecotone and adjacent wet prairie habitat to quantify edge effects on apple snail demography. Our results pertain to the ecotone created by sawgrass and wet prairies that are dominated by sedges and grasses (e.g. Eleocharis spp., Panicum sp. and Paspalidium sp.) common in the Everglades. Our study has implications for Everglades restoration and water management due to the direct and indirect effects that altering hydrology may have on apple snails (Turner, 1996; Karunaratne et al., 2006; Darby et al., 2008) and ultimately species, like the snail kite, targeted to benefit from restoration activities and improved hydrology (USFWS, 1999).
Our major hypotheses were: (1) apple snail density is greater at the sawgrass ecotone than in adjacent wet prairie habitat, (2) apple snail egg-cluster density is greater at the sawgrass ecotone than in adjacent wet prairie habitat and (3) wet prairie habitat contributes more to the total number of apple snail eggs produced in a local snail population than total eggs along the sawgrass ecotone, due in part to the greater available acreage of wet prairie habitat. In considering the hypotheses regarding total eggs produced in prairie vs the ecotone, we needed to account for any habitat differences in eggs per cluster for our total egg production calculations. Therefore, we also hypothesized that the number of eggs per individual cluster would be greater on sawgrass since it potentially provides more surface area for oviposition compared to narrower-stemmed sedges and grasses that dominate wet prairies (Hanning, 1979; Turner, 1996) . Results from testing these hypotheses are interpreted in the context of how spatial scale influences our perception of the importance of edge effects and what factors influence egg-cluster placement in a wetland landscape.
METHODS
Study area, sample site selection and sampling time frame
Sampling was conducted in Water Conservation Areas (WCA) 3A and WCA2B, which are impounded Everglades wetland units (Fig. 1) . In WCA3A (25.9401°N, 80.7109°W), there is a hydrologic gradient from approximately north to south (lowest elevation), where water flow is interrupted by a levee and a road, US Route 41 (Fig. 1) . This north-to-south flow creates directionality of the habitat structure, where slough and wet prairie are often bounded by sawgrass ridges, or strands, that create eastern and western boundaries for the prairie/slough (McVoy et al., 2011) . Wet prairies in our WCA3A study sites were dominated by emergent grasses and sedges such as Eleocharis cellulosa, Panicum hemitomon and Paspalidium geminatum, intermixed with open water. Nymphaea odorata (white water lily) often dominates sloughs. Common submergent vegetation included Bacopa sp., Potamogeton sp., Chara sp. and Utricularia spp. Although there were some general landscape differences between WCA2B (26.1648°N, 80.3812°W) and WCA3A (e.g. more tree islands in 3A), we found marsh habitat with sawgrass-prairie ecotones in WCA2B to be similarly structured as sites sampled in WCA3A.
Each wetland was surveyed by airboat to identify sites that (1) contained a relatively sharp sawgrass ecotone at least 50 m in length with adjacent wet prairie habitat running approximately north to south (Fig. 2) and (2) showed signs of snail presence, i.e. kites capturing snails and/or the presence of snail eggs. At the time of our study, we were unable to find Nymphaea-dominated sites with signs of snail presence. We avoided sites with nonnative apple snails (Pomacea maculata), which have recently invaded the region; their presence is easily identified by their unique eggs (Hayes et al., 2012) . On the few occasions when we encountered nonnative apple snails or their eggs we excluded those snails or eggs from our analyses. We targeted wet prairie sites with low to moderate stem density, a habitat most associated with foraging snail kites (Sykes, 1979; . We established a total of six sites, five in WCA3A and one in WCA2B, with the requisite habitat conditions described above. We identified these six sites as snail ecotone prairie, or SEP, sites. We also established ten egg-only (EO) sites, all in WCA3A, where only egg data were collected, to compare egg production in ecotone vs wet prairie habitats; combined with the six SEP sites, there were 16 sites where we collected egg data. Egg-cluster sampling requires less time (several sites can be sampled per day) than using traps to sample snails (Darby et al.,1999) , which explains the greater amount of more easily obtained egg-distribution data.
All SEP and EO sites were bordered by sawgrass ecotones (SG) and ranged from 40 to 80 m wide and 50 m long (running northsouth, the latter corresponding to the length of an egg-cluster transect). For each site, we identified the eastern and western sawgrass ecotone (SG-E and SG-W) and the wet prairie (WP) habitat adjacent to the eastern and western ecotones (WP-E and WP-W) (Fig. 2 ). Polyvinyl chloride (PVC) pipes were driven into the substrate to demarcate the northern and southern site boundaries.
We sampled snails and eggs in February-June in 2011 and 2012, with 80% of data collected in April-June to coincide with the peak in the apple snail breeding season (Darby et al., 2008) . Temporal patterns of egg-cluster production from several Florida wetlands have been reported (see Darby et al., 2008) . We focused on spatial, not temporal, variability in egg-cluster production, so some EO sites were sampled only once if eggs were relatively abundant. Other potential EO sites that had few eggs early in the season were sampled at least twice to observe the period of peak egg production. In these sites, only the date with the greatest egg counts was used for our analyses of spatial distribution of eggs within a site.
Protocol for snail density estimates
We estimated snail densities in each of the four designated habitat types (SG-W, WP-W, WP-E and SG-E) within the six SEP sites (Fig. 2 ) using a 1 m 2 × 60 cm tall throw trap and dip nets, as described in detail by Darby et al. (1999) and applied in several studies (e.g. Corrao, Darby & Pomory, 2006; Karunaratne et al., 2006) . For each trap sampled we recorded: (1) dominant emergent and submergent plant species, (2) emergent plant-stem density (dominant species plus all others), (3) water depth (cm) and (4) snail shell width (mm). We estimated capture probability, using marked snails in approximately 25% of the traps sampled, for each habitat type per site (Darby et al., 1999) . We took samples from all four habitat types over the course of several nonconsecutive days within a site, continuing to sample in alternating habitats until a sufficient sample size was reached (typically taking 5-8 d of sampling per site). We moved frequently between different sites, so that data were collected over multiple sites over a 2-to 3-week period. For all traps sampled along the ecotone, the throw trap was placed to partially include the sawgrass (taking up approximately 15-20% of each 1-m 2 trap) that defined the ecotone boundary. Throw traps were deployed at random locations along each ecotone and at random locations within the western and eastern sides of WP habitat. WP throw traps were deployed approximately 10-30 m away from SG-E or SG-W (Fig. 2) .
Protocol for egg-cluster density estimates
We estimated egg-cluster densities in SG-E and SG-W transects and along three transects that represented WP habitat (Fig. 2) within each of 16 sites. We used a 1 m wide by 2.5 m long PVC frame (quadrat) flipped 20 consecutive times per transect (Darby et al., 1999) . The length of each quadrat was orientated parallel to the north-south ecotone (Fig. 2) . Egg-cluster counts were initiated by placing the quadrat at the southern transect marker (total transect length approximately 50 m). We recorded the following data for each quadrat: (1) number of unhatched egg clusters, (2) plant species bearing egg clusters, (3) water depth (cm) and (4) per cent emergent vegetation coverage from an average of two independent observers' estimates. In 2012 (n = 11 sites), we also recorded the number of eggs per cluster for up to ten egg clusters per transect so that we could estimate total eggs produced in each habitat type (details below).
Analyses for comparing snail densities among habitat types
Adult (> 20 mm shell width SW) and juvenile (≤ 20 mm SW) snail density estimates were analysed using the mixed linear models (MIXED) procedure in SAS v. 9.4 (SAS, 2009). All snail density estimates were adjusted for capture probability for each site and habitat type (see Karunaratne et al., 2006) . The independent variables modelled were habitat type (SG or WP), emergent stem density and year (2011 and 2012); site-by-site difference was included as a random effect. SG-E and SG-W data were modelled as replicates, as were WP-E and WP-W data. Water depth was excluded as a variable because there was clearly no effect based on preliminary analysis, noting that depth differences were very small (see Results). The proportion of juvenile snails, calculated from total numbers of adults and juveniles, was analysed using the binomial distribution of generalized linear mixed model (GLIMMIX) procedure with a logit link function (SAS, 2009), using the same aforementioned independent variables.
Analyses for the influence of habitat characteristics on egg-cluster density Average egg-cluster densities per transect (n = 80) were analysed using the mixed models procedure in SAS (SAS, 2009). Egg-cluster density was analysed as a function of the following: (1) habitat type (SG vs WP), (2) percentage of emergent vegetation coverage, (3) water depth (cm), (4) year (2011 and 2012) and (5) site (as a random effect). Based on the results (see below), we also conducted an additional post hoc analysis to test for a difference in average eggcluster density between SG-W and SG-E transects using the east transect as a reference category.
Analyses of total egg production in SG vs WP habitats
In order to estimate total egg production in WP habitat vs the SG ecotone, egg-cluster counts were scaled based on the total available area of each habitat type (details below). We also needed to adjust for any influence of dominant vegetation type (e.g. sawgrass along the ecotone vs grass and sedge species common to WP) on the number of eggs deposited per cluster, so we compared the number of eggs per cluster as a function of habitat type. To analyse the number of eggs per cluster as a function of habitat type, we used egg counts from clusters examined in 2012 and tested for a statistical difference using the binomial distribution of generalized linear model (GENMOD) procedure with a logit link function in SAS (SAS, 2009), using WP as a reference category.
A world satellite imagery map (0.3 m resolution) was downloaded from ESRI to estimate the total area of habitat available within each of the 2012 WCA sites. ArcGIS software was used to draw a polygon to include the western and eastern SG ecotones and the southern and northern boundaries in order to calculate the total site area (m 2 ) (Fig. 2) . The SG ecotone area in each site was 100 m 2 , since both SG ecotone transects in a site were 50 m by 1 m. The WP area estimate was therefore the total area minus the 100 m 2 of SG ecotone. For each habitat type (SG or WP) within each site, the total number of eggs per habitat type was estimated by multiplying the total habitat area (m 2 ) by the average number of clusters per habitat type (raw data converted to m 2 ) by the average number of eggs per cluster per habitat type. A paired t-test was used to compare total eggs produced in available SG vs WP habitat within sites.
RESULTS

Apple snail densities in SG ecotone and WP habitats
Among the six SEP sites, we sampled 628 traps in SG and 639 traps in WP. Snail densities per site ranged from 0.05 to 0.13 snails/m 2 (all sizes included). Average site water depths ranged from 15 to 63 cm, with WP depths tending to be slightly lower than SG (depth differences ranged from 0 to 10 cm). There was no significant difference in adult snail density estimates as a function of habitat type (F 1,4 = 0.06, P = 0.79), average stem density (F 1,4 = 0.84, P = 0.41) or year (F 1,4 = 0.39, P = 0.57). Juvenile snail density estimates were not different by habitat type (F 1,4 = 0.35, P = 0.59), average stem density (F 1,4 = 0.16, P = 0.71) or year (F 1,4 = 1.91, P = 0.24). Similarly, there was no significant difference in the proportion of juvenile snails, which ranged from 0 to 40%, as a function of habitat type (F 1,4 = 0.12, P = 0.74), average stem density (F 1,4 = 0.55, P = 0.50) or year (F 1,4 = 6.3, P = 0.07).
Associations between habitat characteristics and apple snail egg-cluster density
We found a total of 341 apple snail egg clusters in 16 sites sampled; again, these numbers reflect only the highest (peak) oneday count for any given site. Egg-cluster density was significantly greater in the SG ecotone than WP habitat (F 1,60 = 5.83, P = 0.019) (Fig. 3) . Water depth did not have a significant influence on egg-cluster densities (F 1,60 = 0.07, P = 0.80), which is likely because of the small water depth difference between habitat types. The year effect was also not significant (F 1,60 = 0.17, P = 0.68).
The general effect of per cent emergent vegetation coverage (SG and WP data combined) on egg-cluster density was not statistically significant (F 1,60 = 0.17, P = 0.68). Out of the 16 sites, four sites had egg-cluster production on the SG ecotone but no eggs were found in WP. These four sites had overall WP characteristics similar to the other 12 sites, with Eleocharis cellulosa consistently the most common WP emergent species in all 16 sites. However, per sampling quadrat, WP had a broader range of per cent emergent vegetation coverage (range 0-70%) compared with the SG ecotone (40-90%) (Fig. 4) . Average per cent emergent vegetation coverage along the ecotone (65 ± 12% SD) in each site was significantly greater than in WP habitat (13 ± 6.7%) (paired ttest, t 15 = 18.5, P < 0.0001). Although not statistically different, relatively low per cent emergent vegetation coverage in WP was generally associated with lower egg-cluster density (note the difference in scale for panels A and B in Fig. 4) .
It appeared that egg-cluster density was greatest in the SG-W ecotone (Fig. 3) . Therefore, we conducted a post hoc analysis to compare SG-W and SG-E egg-cluster density statistically. Average egg-cluster densities were significantly greater in SG-W than SG-E (F 1,15 = 24.32, P = 0.0002) (Fig. 3) . This pattern in egg distribution was consistent across all but one site analysed.
Total apple snail egg production in SG ecotones vs WP habitat
Average total egg production (±SD) among 11 sites, scaled up to the total area, was 977 eggs ± 1,046 SD in WP (including four sites with no eggs) compared with SG ecotones (499 ± 442 SD). For those seven sites with eggs in both WP and SG, egg production was significantly higher (paired t-test, t 6 = 18.5, P < 0.0001) in WP, and WP habitat contributed 71% of total eggs produced (n = 7 sites). In six out of these seven sites, WP habitat contributed 2.6 times the average total number of eggs as did adjacent SG ecotone (WP habitat: 1,727 eggs ± 822 SD; SG ecotone: 654 eggs ± 554 SD).
Although we found egg clusters on nine different plant species, over 90% of clusters were found on sawgrass (along the ecotone) or on Paspalidium geminatum and Sagittaria spp. in WP habitat. Eggs per cluster (n = 165 in SG, n = 31 in WP) were not significantly different between SG and WP (χ 1 2 = 0.62, P = 0.43). The difference in total egg production by habitat, therefore, was not explained by the number of eggs a female snail could deposit on different plant species available for oviposition in SG vs WP.
DISCUSSION
Based on our study and previously reported research, we conclude that the importance of edge effects on apples snails depends on the spatial scale and the particular landscape being considered, consistent with Strayer et al. (2003) . At a small spatial scale, either in experimental conditions or within a habitat type sampled in situ, Pomacea species exhibit clear preferences for oviposition on certain plants (Turner, 1996; Burks, Kyle & Trawick, 2010) . We factored in the spatial extent of habitat types with different dominant plant species to consider egg production at a landscape level. These snail populations benefited more from WP egg production, due to its greater spatial extent and the availability of emergent plants of sufficient size (albeit at low density) that supported oviposition. Therefore, although preference for sawgrass and other largestemmed emergent plants exists at smaller scales, habitat patches dominated by less preferred plants, structurally speaking, can still yield more eggs. In the context of our study, which targeted larger juveniles and adults, there was no clear pattern that indicated that snail densities were spatially distributed in SG vs WP habitats consistent with the egg density.
Habitat structure and landscape level effects on egg distribution and total egg production Apple snail egg-cluster density was greatest along the SG ecotone (with associated greater plant density), but we also observed eggs in WP in most sites, consistent with Turner (1996) . The need for plants as oviposition substrate is common in many aquatic snails, but the majority deposit them underwater (e.g. van Schayck, 1986; Fretter & Graham, 1994) , including other genera of apple snails (Marisa, Lanistes, etc.) (Hayes et al., 2015) . Turner (1996) found that Florida apple snails exhibit preferences for emergent plant species sufficiently large, like sawgrass, to support the weight of an egg-laying female climbing above the water line (Turner, 1996) . This has been reported for Pomacea species in general (reviewed by Hayes et al., 2015) .
Lower egg-cluster densities in the low to moderate stem-density WP habitat targeted in our study were likely associated with limited availability of preferred oviposition substrate. Apple snail movements, at least during the breeding season, appear to be most influenced by mate-searching and oviposition, rather than 2 (raw data/2.5 m 2 ) vs per cent of emergent vegetation, by cover class 0-9, 10-19, etc., for sawgrass ecotone egg transects only (A) and wet prairie egg transects only (B), for egg-cluster density sites sampled in 2011-2012 in WCA3A and WCA2B. We combined data from 16 sites (n = 1,760 samples) and sorted individual samples from all sites into cover classes, so these data do not represent site average per cent vegetation coverage. Error bars represent SE for average egg clusters/m 2 within each per cent cover class. Note the difference in scale for y-axes.
being stimulated by environmental gradients such as dissolved oxygen, vegetation type or water depth (Darby et al., 2002; Valentine-Darby et al., 2011) . Encounter rates with emergent stems in WP habitat would be relatively low and then increase as snails move towards the higher stem-density SG ecotone. At the SG ecotone, emergent stem encounter rates would approach 100% as the submerged sawgrass stems and emergent leaves essentially form a wall of vegetation. We hypothesize that apple snails in the Everglades and similar habitats are opportunistic with regards to oviposition substrate: if they encounter emergent structure that can support an egg-bearing female, oviposition occurs. In general, Pomacea snails appear opportunistically to use a wide range of plants (sedges, shrubs, trees) and man-made structures (wooden docks, cement walls, anchored boats) for oviposition (Hayes et al., 2015; Smith, Boughton & Pierre, 2015) . The particular plant species assemblages available in wet prairies and sloughs adjacent to sawgrass may limit oviposition in these habitats. In our study, emergent plants in prairie of sufficient size to support female snails included Paspalidium sp. and Saggittaria sp. Emergent substrate for oviposition is limited in lily-pad-dominated slough. Where sawgrass borders habitat patches consisting of mostly open water and white water lily (Nymphaea odorata), snails rely almost entirely on the adjacent sawgrass ecotone for eggcluster production out of necessity. Nymphaea provides no oviposition substrate (Turner, 1996 ; Darby personal observation).
Although not observed in our study, we know that P. paludosa can exist in Nymphaea-dominated slough and scenarios of sawgrass ecotone supporting apple snail eggs with zero eggs in adjacent Nymphaea-dominated habitat have been observed (Turner, 1996; Darby & Karunaratne, unpubl.) . In another study comparing egg production in Everglades habitats, O'Hare (2010) found 80% of Florida apple snail egg clusters on Sagittaria lancifolia vs relatively few on available sawgrass. Smith et al. (2015) found the majority of egg clusters (>300) of nonindigenous P. maculata eggs on shrubs and an exotic grass (Hymenachne amplexicaulis) rather than sawgrass (20 egg clusters) in central Florida wetlands. Any conclusions about the value of different habitat types to apple snails should consider the relative availability of particular plant species assemblages and their suitability to support an egg-laying female and their egg clusters.
Although depth did not have a direct effect on snail egg distribution in our study, because depths were generally favourable for snails in all sites and habitats, varying depths do have a secondary effect as hydrology influences plant communities. This has implications for water management and Everglades restoration. For example, greater depths and longer hydroperiods are associated with loss of Everglades prairie dominated by Rhynchospora tracyi (Wood & Tanner, 1990; Zweig & Kitchens, 2008) , whose leaves provide a relatively broad surface area for oviposition (Darby, personal observation in WCA1) . At the same time these wetter conditions encourage expansion of Nymphaea-dominated slough (see Zweig & Kitchens, 2008) , which as discussed earlier, provides no opportunity for oviposition. Periodic drying helps maintain sawgrass and wet prairie communities supporting oviposition in the long term (Zweig & Kitchens, 2008) , but there may be short-term negative consequences for snail egg production and survival, depending on dry-down timing and duration (Darby et al., 2008 .
Egg-cluster densities were significantly greater in western SG ecotones, which has not been noted previously. This pattern was observed in 15 of 16 sites sampled. Egg-deposition pattern did not appear to be related to a concentration of adult females on either ecotone (see snail density results), but we did not sample during the nighttime, when most oviposition takes place (Hayes et al., 2015) . Preference for egg laying on western SG ecotones may be due to differential sun exposure that could influence egg hardening and development (eastern ecotone eggs being in shade during morning hours), but we can only speculate at this time.
Our study indicated that total egg production from the WP habitat can be as much or more than adjacent SG ecotone habitat, due to total available area of habitat. In several cases, total egg production from available WP was more than double adjacent SG. Within-site comparisons, however, varied substantially (some WP had zero eggs) and likely reflects variation in structure of the WP habitat (details above). A similar type of comparison can be made for the contribution of interior sawgrass to total egg production for a local snail population. Darby et al. (1999) reported eggcluster densities from interior sawgrass and associated ecotone for sawgrass patches in the Everglades. They reported egg-cluster densities approximately two times higher along the SG ecotone vs SG interior (as far as 15 m into the sawgrass patch from the outside ecotone created by SG bordering WP). We did our own calculations using their data, factoring in the area represented by their sampling, to look at total egg production from interior SG vs the ecotone in their study. Based on the Darby et al. (1999) data, we estimated that interior SG contributed over 80% of total egg production for snails occupying a patch of sawgrass. Understanding the magnitude of edge effects depends on the scale represented by the data (see Introduction): in this case, egg density data vs total egg production over the landscape. Looking at egg clusters on a per-quadrat scale appeared to overvalue the population-level influence of an ecotone to total egg production, compared to total production from adjoining interior SG and WP habitat patches in our study.
In terms of understanding mechanisms to explain snail egg distribution and abundance, snail egg production can be influenced by predator abundance (Ruehl & Trexler, 2015) that is influenced by plant community type. Different plant communities impart different levels of protection from aquatic predators (Covich, 2010) that in turn could influence snail distribution and associated egg deposition. There may be advantages to laying eggs in the relatively dense sawgrass habitat, where hatchlings, in particular, would be better protected from the numerous predators known to target small snails (Hayes et al., 2015) . We found just one predator study related to Pomacea egg production; Carlsson et al. (2004) found no influence of native predators on egg production in nonnative P. canaliculata in wetlands in Laos. Influences of native or nonindigenous predators on native Florida apple snail reproduction have not been reported.
Lack of an ecotone effect on apple snail distribution
Although we found higher densities of apple snail egg clusters along a sawgrass ecotone, the hypothesis that the snails themselves might be concentrated along the ecotone was not supported. Given the mesh size of our nets, our results were based on sampling snails ≥ 13 mm in SW. Smaller size classes, especially new hatchlings, would be expected to be at higher densities along with the eggs. Lack of an ecotone concentration of juvenile and adult snails likely reflects the fact that snails frequently move 10 m or more per week (Darby et al., 2002) . Females that concentrate egg production along the more densely vegetated ecotone could readily move back and forth between adjacent habitats (Valentine- Darby et al., 2011) . Other gastropods, e.g. Biomphalaria alexandrina (van Schayck, 1986) and Littoraria irrorata (Hutchens & Walters, 2006) , exhibit increased densities with increased plant-stem densities (although not necessarily tied to edge effects), but they tend to have lower horizontal mobility and rely on single plant species for multiple purposes such as food, shelter from predators and egg attachment (van Schayck, 1985) . Interestingly, a negative edge effect was observed for L. irrorata in salt marsh, likely due to increased predation by crabs (Callinectes sapidus) along the vegetated-subtidal interface (Hutchens & Walters, 2006) . The only predation-related research linking P. paludosa and vegetation comes from observing snail availability to foraging kites (e.g. Bennetts et al., 2006) , but ecotone effects were not considered in that context. Following Covich (2010), we would expect relatively dense vegetation (both emergent and submerged species along the sawgrass ecotone) to provide predator protection as well as a substrate for epiphyton grazing, and therefore to influence the distribution of smaller size classes of Florida apple snails.
Water depth in different plant community types could potentially influence apple snail movements and therefore distribution of snails; Darby et al. (2002) found minimal or zero snail movements at depths < 10 cm. However, water depth differences between SG and WP in our sites were slight and depths during our study stayed above the 10-cm threshold. Had water levels receded below 10 cm during our study, we would expect movements (and ultimately oviposition) to have been impeded first along the SG ecotone, with slightly higher ground elevation, then gradually to have impacted the snails in WP with further water recession.
CONCLUSIONS
Our landscape-level data on apple snail and snail egg distribution in different habitat types has implications for assessing habitat suitability for apple snails. This is relevant to wetlands management, as man-made changes in Everglades water levels have changed plant community composition over time (Wood & Tanner, 1990; Zweig & Kitchens, 2008) . Shifts in the relative abundance of sawgrass, wet prairie and slough plant community structure, resulting from changes in hydrology affected by Everglades restoration (Zweig & Kitchens, 2008; McVoy et al., 2011) , will have an impact on recruitment of apple snails and ultimately those species that prey upon them. Considering the range of habitat types that influence different life stages of apple snails, we agree with Turner (1996) that restoration and management in support of apple snails should include heterogeneous landscapes of interspersed plant community types that occur along a hydrologic gradient. These different habitats provide different benefits in terms of egg production, drought refugia and foraging opportunities for snails. However, unlike earlier perceptions of the contribution of sawgrass ecotone to reproduction, we found that wet prairie habitats, at least in the context of certain plant community characteristics, can contribute as much or more to apple snail recruitment in the Everglades.
